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Introduction
Luteal cells are not capable of producing by de novo synthesis the large quantities of cholesterol necessary for high capacity output of progesterone ' (Gwynne and Strauss, 1982) . In humans, receptormediated uptake is the primary method of importing the cholesterol necessary for progesterone production (Strauss et al., 1984) . The B,E receptor is found on most mammalian cells and binds apolipoprotein B (apo-B) associated with low density lipoproteins (LDL) and apo-E associated with high-density lipoproteins (HDL; Goldstein and Brown, 1977) .
The two major carriers of blood cholesterol in the bovine are LDL and HDL; HDL represents the majority of total plasma lipoprotein cholesterol in the bovine (Chapman, 1980) . Because apo-E is not associated with bovine HDL, heparin affinity chromatography allows separation of bovine lipoproteins based on the presence or absence of apo-B (Cordle et al., 1985) . Homogeneous separation of LDL and HDL based on apolipoproteins that bind to receptor sites can then be used in metabolic studies. 7.351. Lipoproteins (5 mL) were loaded onto a heparin affinity column (3 g; Heparin-Sepharose Cl-sB, Pharmacia LKB Biotechnology, Pleasant Hills, CAI. After 30 min, unbound lipoproteins (HDL) were collected in equilibrating buffer and bound lipoproteins (apo-B on LDLI were eluted with the addition of 2 M salt eluting buffer (Cordle et al., 1985) . Fractions containing LDL or HDL were pooled separately, concentrated by ultrafiltration (50 mL Amicon stir cell, Model 8050, Diaflo Membrane: YMlO; Amicon, Danvers, MA), and dialyzed in Dulbecco's phosphate buffer with . I mM EDTA twice for 12 h and once in the same buffer without EDTA. After analysis for cholesterol (Wybenga et al., 1970) and protein concentration (BSA as standard; Bradford, 19761, lipoproteins were sterilized with a . 2 2 -p filter and stored under nitrogen gas at 4OC until they were used within 4 wk.
Preparation of Modified Low-Density Lipoproteins and Particles Containing Cholesterol Without
Apolipoproteins. Low-density lipoproteins (1 mg/ mL) in Dulbecco's phosphate buffer were incubated in a 35" C water bath in the presence of 80 mM glycolaldehyde and 80 mM sodium cyanoborohydride for 2.5 h (Slater et al., 1984) . This procedure modified the positively charged lysine residues on LDL (modified LDLI and abolished their ability to interact with LDL receptors (Slater et al., 1984) .
Egg phosphatidylcholine (PC; 2.7 mg/mL) vesicles containing cholesterol (23 CLM, or cholesterol linoleate (23 CLM, were prepared by sonication (Roth et al., 1977; Rajan and Menon, 19881 Presence or absence of apo-B in lipoprotein fractions was monitored by SDS-PAGE (4 to 15% gradient gels) followed by coomassie blue staining (Mini-Protean I1 Ready gels, Bio-Rad, Richmond
CAI.
Preparation of Luteal Cells for Culture. On the day of dissociation, 8 to 10 ovaries removed from cattle at a n abattoir in Milwaukee were placed on ice and delivered to Madison within 2 h. The ovaries were transported in Medium 1 consisting of Ham's F-12 cell culture media containing 24 mM HEPES, 14 mM sodium bicarbonate (pH 7.41, penicillin (100 U/mL), streptomycin (1 00 pg/mL), and gentamicin sulfate (20 ng/mL). Corpora lutea C L ) judged to be from 5 to 10 d into the estrous cycle (Ireland et al., 1980) were chosen for dissociation.
Corpus luteum dissociation was accomplished by combining procedures described by Pate and Condon (1982) and Alila et al. (1988) . After dissociation, cells were washed three times with cold Hank's buffer (Hanks' balanced salt Ca-and Mgfree media with 20 mM HEPES and 10/0 BSA, pH 7.35) and filtered through a 5 3 -p monofilament cloth (Small Parts, Miami, FL). Approximately .50 2518 CARROLL to 1.0 x lo8 luteal cells in 10 mL of Hank's buffer were applied onto the elutriator (Beckman JE-5.0
Elutriator System and Rotor) at a buffer flow rate of 13 mL/min and rotor speed of 2,000 rpm (Fitz et al., 1982) . Fraction 1 (200 mL) contained endothelial cells, erythrocytes, some small luteal cells, and debris under 12 pm in diameter (Fitz et al., 1982) . Fraction 2 consisted of buffer collected during a flow rate of 50 mL/min at 2,000 rpm for 3 min (150 mL) and during decreasing revolutions per minute until the rotor stopped (-150 mL). Cells were pelleted from Fraction 2 and washed two times with Medium 1. The number of viable cells (trypan blue exclusion; Simmons et al., 1976) At the end of the culture, the media mixture was removed, frozen, and stored in glass vials at -20" C until it was analyzed for progesterone concentration. One milliliter of DNA buffer (.05 M NaP04, 2.0 M NaC1, .002 M EDTA, pH 7.4) was added to each well. Wells were scraped and buffer removed and stored frozen (-20°C) in polystyrene vials until DNA analysis (standard was calf thymus DNA; Labarca and Paigen, 1980) . In Exp. 1, cells were stained with Giesma dye (Lennette, 1980) in preparation for counting cells, but because of uneven cell density within the wells, counting cells was abandoned and DNA analysis was chosen as the method to obtain relative estimates of cell numbers. Cells in Exp. 1 were destained with Hank's buffer and lifted from plates with .6 mL of trypsin-EDTA solution (. On the day of assay, 50 pL of assay buffer and 50 pL of standard or sample were added to each well. Progesterone (4-pregnene-3,20-dione) mixed in assay buffer was serially diluted daily and a standard curve of .01, .l, 1,4, 10,40, 100, and 400 ng of progesterone/mL was included on each plate. Controls with low and high concentrations of progesterone were prepared from luteal cell media pooled from preliminary experiments. Individual media samples from luteal cell cultures were diluted 1:21 with assay buffer. Standards, controls, and samples were run in triplicate in every fourth row to account for variation across the plate. Plates were covered and incubated overnight (4" C).
The conjugate, P-11-P, was produced from 4-pregnen-l l a-oL-dione hemisuccinate by methods of Munro and Stabenfeldt (19841. Conjugate was diluted 1/50 in a 50% glycerol, 50% storage buffer (.04 M MOPS, .1% gelatin, .01 EDTA, .005% chlorhexidine digluconate, pH 7-21, divided into aliquots, and frozen at -70°C.
On the day of the assay, the P-11-P was diluted to 1/100,000 in assay buffer and 50 pL was added to each well. Precisely 2 h after the addition of conjugate, the plates were rinsed eight times with wash buffer. Immediately before use, 125 pL of substrate buffer (19.74 mL of .05 M sodium acetate, pH 4.8; .2 mL of 20 mg 3, 3', 5, 5' tetramethylbenzidine/mL dimethyl sulfoxide; and .064 mL .5 M of H202) was prepared and added to each well. The development reaction was stopped in 20 to 30 min with the addition of 50 pL of .5 M H2S04 per well. The ELISA plates were read a t dual wavelengths (450 and 600 nm) on a Bio-Tek Instrument Model EL310 and standard curve parameters were calculated using a logistic fit program (LogistiCalc, R. D. Bremel, Univ. of Wisconsin, Madison, unpublished program).
Serial dilutions of 10 pg/mL to .01 ng/mL were prepared for both pregnenolone and cholesterol to assess cross-reactivity of progesterone.
Experiment 1: Dose Response. Six 13-to 14-mo-old, unbred Holstein heifers were donors for plasma lipoproteins. Heifers were given ad libitum access to alfalfa hay (17% CP) supplemented with 1.4 kg/d of corn, corn gluten feed, trace mineral salt, and vitamin mixture. The diets met or exceeded NRC (1989) requirements for growing heifers. Blood was collected from three heifers on four occasions and plasma lipoproteins were isolated and separated into LDL and HDL for each heifer. Cultured luteal cells from one CL were treated with lipoproteins from plasma of three heifers on four separate occasions. A balanced incomplete block design was used because of a n insufficient number of cells from each CL to perform a complete block design. All treatments were applied on d 3 of incubation (d 0 = day of dissociation) and the media mixture was removed on d 5 (48 h incubation with treatments). Lowdensity lipoproteins and HDL were diluted with Dulbecco's phosphate buffer to 1, 3, 10, 30, 100, 300, and 1,000 pg of cholesterol/mL and were delivered to cell cultures wells in < 300 pL. Final concentrations of LDL and HDL cholesterol after addition to 1 mL of media were 1, 3, 9, 24, 80, 230, or 770 pg/ mL.
The statistical analysis used the GLM procedure of SAS (19881. Model 1 was also used to analyze results on a protein basis. The D1 = average effect of protein dose 1 ( < 10, 10 to 50, 51 to 100, 101 to 200, and z 200 pg/mL). Ranges in place of individual concentrations were used to compensate for the differences in the cholesterol to protein ratio of LDL vs HDL.
Experiment 2: Low-and High-Density Lipoprotein Gradient. Twelve primiparous cows were randomly Model 1 was as follows: Yijklm = assigned to either a control diet or 7% long-chain fatty acid supplemented diet in a replicated switchback design with 4-wk periods. Diets were 60% alfalfa silage and 40% concentrate, and animals were given ad libitum access to feed. Blood was collected on the last day of each period and LDL and HDL lipoproteins were separated. On two occasions after each period, multiple bovine CL were composited and dissociated (d 01 and lipoproteins from six cows were added to luteal cells on d 3 and incubated for 48 '1. Detailed information on diets and experimental design were reported by Carroll et al. (1991) .
Four different LDL:HDL ratios (0: 100, 3337, 67: 33, and 1OO:O) were added at 20 and 100 pg of total cholesterol/mL of media. For example, at 20 pg of cholesterol/mL, treatments consisted of 0 pg of LDL and 20 pg of HDL; 6.6 pg of LDL and 13.4 pg of HDL; 13.4 pg of LDL and 6.6 pg of HDL; and 20 pg of LDL and 0 pg of HDL.
The statistical analysis used the GLM procedure of SAS (1988).
Gk + eijH, where p = overall mean of the population; Pi = effect of primiparous cows i (1 to 121; Cj = effect of culture j (1 to 8); and Gk = effect of LDL gradient k (0, 33, 67, or 100% LDL cholesterol with 100, 67, 33, or 0% HDL cholesterol). Yijkl = dependent variable for nanograms of progesterone/microgram of DNA; eijkl = random variable, assumed N (0, @: I . Analysis of 20 and 100 pg of cholesterol/mL concentrations were performed separately. Because dietary treatments (control vs fat supplementation) were not significantly different, this source of variation was dropped from the analysis. Linear and quadratic effects of the LDL gradient were tested. A protected lsd comparison of means test was used to assess differences between the gradient doses. Antilogarithms of the transformed least squares means are reported.
Experiment 3: Apolipoprotein Modified Low-Density Lipoprotein and Particles Containing Cholesterol Without Apolipoproteins. Blood collected from three primiparous cows was mixed and plasma lipoproteins isolated and separated into LDL and HDL. On two occasions, cultured luteal cells from a mixture of four CL were treated with LDL, HDL, modified LDL, PC-C, PC-CE, BSA-C, or BSA-CE. Final concentrations were 0, 10, 30, and 100 pg of cholesterol/mL of media, which was added in a volume of < 150 pL. As a control, PC or BSA without C or CE was added at a n amount equivalent to the highest level added as a particle containing cholesterol. Treatments were added to media on d 3 of incubation and media were removed in 24 h. High-density lipoproteins and LDL-stimulated progesterone production was re- ng Progesterone/ml C i = effect of culture i (1 to 21; Pi = effect of particles j (LDL, HDL, or modified LDL); Lk = effect of level k (0, 10, 30, and 100 1-18 of cholesterol/ mL); Yijkl = dependent variable for nanograms of progesterone per milliliter; eijkl = random variable, assumed N (0, 0:). A protected lsd comparison of means test was used to assess the differences in lipoprotein particles. Comparison of liposomes with LDL and HDL were similar to Model 3 except Pj = effect of particle type j (HDL, LDL, PC-C, and PC-CE1 and Lk = effect of total cholesterol concentration k (0, 10, 30, and 100 pg cholesterol/ mL1 or Pi = effect of particle type j [HDL, LDL, PC-C1 and Lk = effect of free cholesterol concentration k (0, 1 to 15, 30, and 100 pg of free cholesterol/ mL1. Similar comparisons were made for BSA particles. A range of 1 to 15 pg of free cholesterol/ mL was used for comparing PC-C or BSA-C with Model 3 was as fOllOWS: Yijkl = /.l+ Ci + Pj + Lk + ET AL.
LDL and HDL free cholesterol because of differences in the estimated amounts of free cholesterol in the lipoproteins. Antilogarithms of the transformed least squares means are reported.
Results
Progesterone ELISA Validation and Performance. The cross-reactivity of progesterone and cholesterol was < .001% and of progesterone and pregnenolone was 2.7%. Assays of a serial dilution of 100 ng of progesterone/mL from 1:l to 1:32 resulted in a mean and CV of 103.3 ng/mL and 5.20/0, respectively. Progesterone standards diluted with 0, 1, 5, or 10% progesterone-free Ham's F-12 Medium 1 produced similar standard curves (Figure 11 .
The mean and intra-and interassay CV for the low-and high-progesterone controls were 9.4 ng/ mL, 4.0%, and 13.9% and 54.8 ng/mL, 5.3Y0, and 14.4%, respectively, in Exp. Agarose gel electrophoresis (Figure 2 ) showed no differences in the migration of native HDL, LDL, and modified LDL (Lanes 1, 3, and 5, respectively) before and after incubation with luteal cells for 48 h (Lanes 2, 4, and 6, respectively]. High-density lipoprotein Cane 1) and LDL (Lane 3) particles migrated differently, indicating that two different classes of lipoprotein particles were used as treatments. Also, there was only one band in each lane, indicating that LDL and HDL were purified and that the majority of modified LDL was altered. Increased electrophoretic mobility in the agarose was demonstrated by modified LDL (Lane 5) compared with unmodified LDL in Lane 3.
The SDS-PAGE (Figure 3 ) verified heparin affinity chromatography separated according to apo-B content. The LDL had a proteink) with a molecular weight between 400 and 500 kDa, probably representing apo-B; HDL did not. Apolipoprotein B is rich in basic amino acids, which probably were responsible for binding to negatively charged heparin. Both LDL and HDL had a 27-kDa molecular weight protein, probably representing apo-A-I. Figure 4 . There was a dose effect (P e .0001) in which progesterone production increased as concentration of lipoprotein cholesterol increased in the media. All individual dosages were different (P < .05) from each other.
Total progesterone production for the lipoproteins were different a t the P = .O2 level due to slightly higher progesterone production stimulated by LDL at five of the six lipoprotein cholesterol dosage levels (Figure 4 ; HDL, 868 rt 53 vs LDL, 967 k 59 ng of progesterone/pg of DNA; antilogarithm of mean k SE for all concentrations).
Even though LDL and HDL were added to the media in this experiment on a cholesterol basis, because the amount of protein was known, the results can also be expressed on a protein basis. Progesterone production by luteal cells exposed to dosages of e 10, 10 to 50, 50 to 100, 100 to 200, and > 200 pg of LDL or HDL protein per milliliter are shown in Figure 5 . Total progesterone produced by the luteal cells was greater across all concentrations (P e .0001) when LDL protein was added than when HDL protein was added. There was a dosage main effect ( P e .0001) and dosages < 10 pg and 10 to 50 pg of protein per milliliter differed from each other and all other levels (P e .05). 
Experiment 2: Low-and High-Density Lipoprotein
Gradient. Addition of a combination of LDL and HDL cholesterol stimulated more progesterone production by luteal cells than did LDL or HDL alone at the 20 pg of cholesterol concentration (Figure 6 ; P < .OOOll. The 0% LDL treatment (20 pg of cholesterol/mL) was lower than the 33 and 67% LDL treatments but not different from the 100% LDL treatment (20 pg LDL cholesterol/mL; P < .051. There was a quadratic effect (P c .0001) at the 20 pg/mL, but not a t the 100 pg/mL cholesterol concentration ( Figure 6 ). There were no differences between the 0, 33, 67, and 100% LDL treatments a t the 100-pg cholesterol concentration.
Experiment 3: Apolipoprotein Modified Low-Density Lipoprotein and Cholesterol Containing Particles
Without Apolipoproteins. Addition of HDL, LDL, or modified LDL a t 0, 10, 30, and 100 pg of cholesterol/mL stimulated a significant increase in progesterone production (P < .0001) from the preceding levels a t all dosages (Figure 7 ; P < .05). Least squares means total progesterone production (nanograms of progesterone/microgram of DNA) were higher (P < .05) for LDL and HDL (1,707 f: 188 and 1,884 f 207, respectively) than for modified LDL (1,254 f 138) . Stimulation of luteal cell progesterone production by modified LDL was 70% of unmodified LDL.
The results of the experiment comparing PC-C, BSA-C, PC-CE, or BSA-CE with lipoproteins are shown in Figure 8 . Panel A represents data when dosages are expressed on a total cholesterol basis. The PC-C or BSA-C stimulation of luteal cell progesterone production was approximately 50 and 108O/0, respectively, of that occurring in the presence of LDL and HDL. Progesterone production in the presence of PC-CE was not different from production in the presence of PC control.
Because LDL and HDL contain both C and CE and the results from the addition of CE particles without apolipoproteins did not stimulate progesterone production, we decided to examine progesterone production relative to dose of free cholesterol (Panel B). Lipoprotein-free cholesterol content was not measured; therefore, it was estimated from CE:C ratios reported previously (Grummer and Davis, 1984) . Progesterone production was significantly higher for LDL-C and HDL-C than for PC-C or BSA-C in the 1 to 15 pg of free cholesterol per milliliter range (P < .0001). 
Discussion
Low-density lipoproteins and HDL were separated based on the presence or absence of apo-B, which bind to the B, E receptor sites on luteal cells. Purification of LDL from HDL by heparin affinity chromatography yielded homogeneous particles ( Figure 21 , and apo-B were associated only with the LDL fraction. Apolipoprotein A-I was associated with both LDL and HDL particles. Several other studies have reported the presence of apo-A-I on both bovine LDL and HDL (Palmquist, 1976; Cordle et al., 1985; Grummer et al., 19871 , but apo-A-I is normally only found associated with HDL in humans (Eisenberg, 1984) . Apolipoprotein E associated with HDL binds to heparin and if present would be located within the LDL bond fraction; it was not. This agrees with other studies in which apo-E was not located on bovine HDL (Cordle et al., 1985; Grummer et al., 1987; Bauchert et al., 1989) .
The dose response curve showed no differences in the ability of bovine LDL vs HDL to stimulate progesterone production by bovine luteal cells (Figure 4) . Because of the different protein to cholesterol ratios of LDL and HDL, when results are expressed on a protein basis, LDL stimulated higher progesterone production than did HDL. Treatments can be added to cultures on a protein or cholesterol basis, but comparisons of LDL and HDL on a cholesterol basis more accurately reflected the mass conversion of cholesterol to progesterone by the luteal cell. Pate and Condon (19821 reported that LDL or HDL (40 to 55 pg of cholesterol/mL) stimulated a 2.7-and 3.4-fold increase in progesterone production by luteal cells in culture, respectively. The LDL and HDL from that study (Pate and Condon, 19821 were separated by preparative ultracentrifugation using 1.064 g/mL density cutoff but were not characterized. The LDL was most likely con- taminated with HDL (Grummer et al., 1983) . A second report comparing the ability of LDL or HDL to stimulate bovine luteal cell progesterone production reported that LDL was the preferred lipoprotein, but both LDL and HDL may be important in vivo (O'Shaugnessy and Wathes, 19851. Luteal cells were cultured in 10% bovine serum with cyclic adenosine monophosphate. Bovine plasma lipoproteins were isolated at a density of 1.019 to 1.053 g/mL for LDL and 1.075 to 1.215 g/ mL for HDL (O'Shaugnessy and Wathes, 19851. Elimination of lipoproteins in the 1.054 to 1.074 g/ mL range probably eliminated the problem of HDL contamination of LDL, but it probably also removed the large, more cholesterol-rich HDL from the HDL fraction. Therefore, the HDL fraction was not completely represented. The authors reported that LDL was seven times more stimulatory to progesterone production than was HDL on a protein basis and 3.5 times mores stimulatory on a cholesterol basis. Due to the manner in which the lipoproteins were separated and the different conditions under which the experiment was performed, it is difficult to compare results.
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In this experiment, LDL and HDL in combination at a total of 20 pg of cholesterol/mL media concentration stimulated more progesterone production than did either 20 pg of cholesterol/mL of LDL or HDL cholesterol alone. We do not know why this phenomenon occurred. It could be due either to a positive influence on the mechanisms regulating progesterone synthesis or to increased import of cholesterol from receptor-mediated and nonreceptor-mediated processes.
It is difficult to assess why LDL and HDL cholesterol stimulated similar progesterone production in this study because receptor binding or direct measurements of uptake of apolipoproteins, C or CE were not made. One explanation is that the HDL receptor was able to bind apo-A-I associated with both LDL and HDL and import cholesterol at a similar rate. It can also be speculated that there is direct exchange of free cholesterol from the surface coat of the lipoproteins to the luteal cell, which achieves an equilibrium through a non-receptor-mediated process.
To clarify whether progesterone production could be stimulated by cholesterol not associated with lipoproteins, reconstituted liposomes of PC-C or PC-CE and particles of BSA-C and BSA-CE were used as treatments on luteal cells. The increased progesterone production from particles containing cholesterol without apolipoproteins indirectly indicated that free cholesterol was imported by receptor-independent processes. Cholesterol linoleate, however, did not stimulate progesterone production. This suggests that CE are not imported into the cell unless associated with an apolipoprotein or that cholesterol esters do not stimulate progesterone production. Because HDL and LDL are composed of C and CE, direct comparison of LDL or HDL with particles containing either C or CE have to be made carefully. Stimulation of total luteal cell progesterone production by PC-C and BSA-C were 50 and 108% of HDL and LDL total cholesterol (Figure 8 ; Panel A). If a comparison is made between progesterone stimulation by particles containing free cholesterol without apolipoproteins and free cholesterol content of lipoproteins, LDL and HDL stimulated higher progesterone production at the 1 to 15 pg/mL concentration (Figure 8; Panel B) . This may indicate that in addition to or in place of a receptor-independent process, a receptor-mediated uptake was simultaneously occurring that resulted in more progesterone production.
Support for these theories is provided from studies with rat luteal cells treated with reconstituted liposomes. Phosphatidylcholine liposomes containing free cholesterol but devoid of apo-A-I were able to stimulate progesterone synthesis, and the stimulation was only slightly increased when apo-A-I was incorporated into the liposome. Liposomes containing cholesterol linoleate were not able to stimulate progesterone production in rat luteal cells without the presence of apo-A-I (Rajan and Menon, 1988) . This suggests that free cholesterol is available to luteal cells by either a receptor-dependent or receptor-independent process, but CE must be taken up by a receptordependent process (Rajan and Menon, 19881. Both free and esterified cholesterol are utilized by rat luteal cells as precursors for progesterone production (Rajan and Menon, 1987) . However, even though about 80% of the total cholesterol in HDL is CE, experiments with [3Hlcholesterol-or [3Hlcholesteryl linoleate-labeled HDL indicated that uptake of free cholesterol was four-to sixfold greater than that of esterified cholesterol (Rajan and Menon, 19881. Preferential utilization of free cholesterol was also reported in rat (Nestler et al., 1985) and human (Parinaud et al., 1987) granulosa cells.
Results from the modification of the lysine residues of apo-B associated with LDL provides additional evidence of non-apo B, E receptormediated uptake. Progesterone production by l y sine-modified LDL was 75% of unmodified LDL cholesterol, indirectly indicating that the LDL may be binding to another receptor or exchanging cholesterol through non-receptor-mediated processes. Azhar et al. (1988) reported that the choles-terol transfer from LDL particles to rat luteal cells may be non-B,E receptor-mediated. Micrographs of perfused rat luteal cells showed lipoproteins lodged in the microvillar channel on the surface of the cells allowing the cell membrane to transport cholesterol by a membrane-lipoprotein interaction not yet characterized (Azhar et al., 1988) . A variety of cholesterol-rich particles [human LDL, human HDL, and lipoproteins were modified amino acid residues) delivered cholesterol to luteal cells with similar efficiency. Evidence was provided that the B,E receptor functioned simultaneously with a receptor-dependent pathway but that most of the cholesterol in these rat luteal cells was delivered by a receptor-independent pathway (Azhar et al., 1988) . Because both the rat and bovine have a high concentration of HDL cholesterol not associated with apo-E, it can be speculated that this mechanism adapted for cholesterol transfer in rat luteal tissue may also be found in the bovine.
Implications
Bovine low-density and high-density lipoproteins separated by the presence or absence of apolipoprotein B were similar in their ability to stimulate progesterone production by bovine luteal cells. Stimulation of progesterone by modified low-density lipoproteins and particles containing cholesterol without apolipoproteins indicates that non-B,E receptor-mediated or receptor-independent uptake of cholesterol may play a role in bovine steroidogenesis. Direct measurements of cholesterol and apolipoprotein uptake from bovine lipoproteins and incorporation into progesterone are needed to further understand bovine lowdensity and high-density lipoprotein cholesterol contribution to bovine steroidogenesis.
